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INTRODUCTION. 
The  study of the  reticulo-endothelial  system in  its  relation  to  the  various 
phenomena of immunity and anaphylaxis has during the last few years engaged an 
increasing number of investigators.  Several extensive reviews 0--6) on this subject 
have recently  appeared  to which the reader  is referred  for detailed  information. 
In this country the work of Gay and his associates has done much to bring to 
light  the  important  r61e of  the  reticulo-endothellal  cells in  the  formation  of 
antibodies,  particularly  with  reference  to  the  mechanism  of  local  immunity. 
Valuable information on the significance of the reticulo-endothelial  system in  the 
various immunity reactions has been derived from an application  of the so called 
blockade  method, either  alone  or together with splenectomy,  to the particular 
problem  under consideration.  Without discussing the merits  of this  procedure 
as a  means  of eliminating  or temporarily  invalidating  the normal physiological 
action of the respective cells, let it suffice to state that methods of blockade have 
been  of distinct  value in  the experience of many workers,  although it must be 
conceded that others have not been  able to secure such uniform  results. 
The problem  as  to the site  of antibody production may be  approached  (1) 
by measuring  in ~itro the antibody titer of blocked  or splenectomized  animals 
immunized with non-living  antigens,  and  (2) by following the course of various 
acute and chronic  infections  in  animals  so treated.  Observations  of the latter 
kind have up to the present  been  less numerous.  Besides the attempts which 
have been  made to break the natural immunity of certain species to given in- 
fections and intoxications  by endothelial  blocking or splenectomy  (7),  the work 
of Tsuda  (8), Hoen,  Tschertkow  and  Zipp  (9), Ledingham  (10), Wright  (11), 
Singer and Adler  (12), Oerskov  (13) and Bass  (14) should be mentioned  in this 
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connection.  In the case of relapsing fever in mice the apparent lack of antibody 
production  after blockade and splenectomy was recently demonstrated by the 
writer  (15).  These findings  were fully  corroborated by  the  contemporaneous 
work of Kritschewsky and Rubinstein  (16),  and further amplified  by the more 
recent studies of Lisgunova and Butjagina (17).  On the other hand,  Feldt and 
Schott (18) and Bruynoghe and Collon  (19) did not observe any difference in the 
course  of  this  infection  between  blocked or  splenectomized and  normal mice. 
The  reason  for  this  discrepancy  is  not  altogether  clear.  That  one  may not 
always be justified  in generalizing  from observations on one type of infection is 
illustrated by the fact that in some unpublished experiments, the writer noted no 
material difference  in  the  character or course of syphilitic and tuberculous in- 
fection in blocked and splenectomized mice and guinea pigs.  This refers to the 
manifestations and  distribution  of the  clinical  lesions  in general.  Likewise,  in 
rabbits infected with  Trypanosorr,  a  equiperdum,  the number of parasites in  the 
blood remained unaltered after the administration of massive intravenous doses 
of lndian  ink.  Mention  should  aho  be made  that  the  parasites  disappeared 
critically from the  circulation on or about the 6th day of the dlsease---a phe- 
nomenon  which  was  described  by  Mutermilch  in  1911 (20)--with  the  same 
regularity in blocked animals as they did in  controls. 
The introduction of blockade methods in the endeavor to analyze phenomena 
of passive immunity has only recently been made by Neufeld and Meyer (21) 
and  Meyer  (22),  although  the  earlier  studies  of Lippmann  (23) had  already 
served to emphasize the significance  of the mobile phagocytic cells  for the es- 
tablishment of passive immunity in pneumococcus and streptococcus infection. 
The first mentioned authors were unable to note any difference between blocked 
or splenectomized and normal mice with  reference to  the  protective action of 
antipneumococcus serum against Pneumococcus Type I  infection in this species. 
Meyer (22), therefore, concludes  that the destruction of the pneumococci by the 
immune  serum  is  essentially  a  humoral  process,  not  primarily  involving  the 
participation of phagocytosis. 
In view of the many facts which suggest the important function of 
the  phagocytic  cells,  both  mobile  and  sessile,  in  the  elimination  of 
pneumococci from the circulation of the immune animal, it appeared 
desirable to employ the experimental methods of blockade or splenec- 
tomy in a  study of the passive immunity against this infection.  At 
the same time it was considered of particular interest to carry on an 
investigation,  based on similar principles,  into  the nature  of passive 
immunity  to  tetanus  toxin.  The  disease  processes  mentioned  were 
chosen  on the  ground  that  they  represent  examples of two types of 
immunity,  that  is,  antibacterial  and  antitoxic,  which  are  believed 
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EXPERIMENTAL  WORK. 
A.  Eocperiments  on  the  Effect  of Blockade  and Splenectomy  on  the 
Passive  Immunity  in  Pneumococcus  Type  I  Infection. 
These experiments were carried out in normal white mice weighing from  18 
to 24 gm.  The pneumococcus strain was a highly virulent Type 1 culture (N5) ; 
the  immune  serum,  an  Antipneumococcus  Type  I  horse  serum  produced  for 
therapeutic purposes.  Both  the  bacterial strain  and  the  serum  were obtained 
from the Division of Laboratories and Research of the New York State Depart- 
ment  of Health,  Albany, New York,  through  the  courtesy of Dr.  Wadsworth 
and  Miss  Kirkbride. 
Before  studying  the  effect  of  blockade  and  splenectomy  on  the  protective 
action of antipneumococcus serum against pneumococcus infection in mice, it has 
seemed advisable, for purposes of control, to obtain data on the influence of the 
above mentioned experimental procedures on  the  course of untreated pneumo- 
coccus  infection in  this  species.  It was  found  that  neither a  preceding intra- 
venous  injection of India ink  (1  cc.  of  1:15  dilution)  nor  the  removal of  the 
spleen, nor a  combination of both these procedures was capable of altering the 
course of Pneumococcus Type I  infection in mice.  This statement is made with 
reference to the size of the minimum fatal dose, the length of time the animals 
lived and the time of appearance of the pneumococci in the blood stream after 
intraperitoneal  inoculation.  Essentially  the  same  conditions  prevailed  when 
the intravenous route was chosen as the mode of infection, with the exception, 
however,  that  death was  very much  delayed in  both  the experimental animals 
and controls.  Doses of 0.000001  cc. and 0.001  cc., if given intravenously, caused 
death  only after  5  and  3  days respectively, while the  same  doses upon  intra- 
peritoneal inoculation killed the animals promptly in from 24 to 48 hours. 
The influence of blockade and splenectomy on the action of Antipneumococcus 
Type 1  serum  in  Pneumococcus  Type I  infected mice was studied next.  The 
experiments were carried out by injecting intraperitoneally mixtures of a constant 
amount of serum (0.1  cc.) and varying doses of an 18 hour culture (0.1, 0.2, 0.S 
cc.), in a  uniform volume of 0.5  cc. each,  into three groups of mice.  The first 
group represented normal controls, the second had received 1 to 2 hours before 
an intravenous injection of India ink (1 cc. of 1:15 dilution) while the las  t  group 
had  been  splenectomized 2  days previously.  For each  mixture,  duplicate ani- 
mals were run,  and  the final results of each test  were based on an  arbitrary 4 
day observation.  Virulence controls (0.000001  cc. and 0.00000001  cc.)  accom- 
panied each test.  Instead of recording each individual experiment, the results 
of five tests,  carried out on  separate dates,  are chartered  together.  Although 
there are disadvantages to this method of evaluating the results, it is possible 
to obtain average figures without permitting the irregularities in  virulence and 
the  variability in  individual susceptibility to obscure the  fundamental  results 
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As may be seen from Table I, the protective action of Antipneumo- 
coccus Type I  serum against the homologous infection was definitely 
lower in mice injected with India ink as compared with the normal 
controls.  While 0.1  cc. of serum protected fully 100 per cent of nor- 
mal mice against 0.1  cc. of culture, only 40 per cent of the blocked 
mice lived on the 4th day after the test.  On the other hand, when 
splenectomy preceded the test shortly before, there seemed to be no 
TABLE  I. 
Action of Antipneumococcus Type I Serum agaimt Pneumococcus Type I Infection 
in Normal, Blocked and Splenectondzed Mice. 
(Combined Results of Five Tests.) 
J 
I 
No.  of 
animals 
10 
I 
! 
5 
Preparation 
Normal 
Blocked 
Splenectomized 
Normal 
Blocked 
Splenectomized 
Normal 
Blocked 
Splenectomized 
Normal 
4~ 
Mixtures (injected 
intraperitoneally) 
Sel~lm 
0.1 
Culture 
0.1 
0.2 
i0.3 
! 
~c 
0.000001 
0,00000001 
Result 
Survived  I 
10 
4 
9 
4 
1 
4 
Died 
Protection 
csnJ 
IO0 
40 
9O 
60 
30 
50 
40 
i0 
40 
material  diminution  in  the  degree  of  passive  immunity.  Similar 
conditions were found to  prevail in the  case  of other  quantitative 
combinations of serum and culture.  In a  few instances, the serum 
was given prophylactically at various intervals (24, 48 and 72 hours) 
before the infection.  Although the results available are too few upon 
which to base definite conclusions, they indicate that the protective 
action of a prophylactic dose of serum against subsequent infection was 
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B. Experiments on the Effect of Blockade and Splenectomy on the Passive 
Immunity  to  Tetanus  Toxin. 
These experiments were carded out in normal white mice, weighing  from 18 
to 24 gm.  The tetanus toxin was a recently prepared broth toxin which  at the 
time of its preparation had a minimum fatal dose for guinea pigs of 0.0001  cc. 
The  antitoxin  was  a  refined  and  concentrated  pseudoglobulin  prepared  from 
antitoxic horse plasma, and  contained  800  units  per cc.  Both  the  toxin  and 
antitoxin were obtained from Dr. Wadsworth and Miss Kirkbride of the New 
York State Department of Health, to whom my best thanks are due. 
In preliminary experiments, the potency of this toxin for mice was titrated 
in normal animals and in mice which had (1) received one intravenous blocking 
injection of India ink I  to 2 hours before the test; (2) which  had been splenec- 
tomized 2  days previously; (3)  which had been subjected  to splenectomy and 
blockade.  There was no difference  in the lethal action of the toxin for normal 
and experimental animals, the minimum fatal dose being with each group 0.001 
cc.  after subcutaneous injection,  and 0.0005 cc.  after intravenous injection. 
The influence  of blockade and splenectomy on the neutralization of tetanus 
toxin by specific antitoxin and on the protection afforded by a preceding dose of 
antitoxin  against subsequent intoxication was studied.  The first part of these 
experiments was carried out by injecting subcutaneously, as well as intravenously, 
mixtures of a constant amount of toxin  (two  hundred  minimum  fatal doses  ffi 
0.2 cc.) and varying amounts of antitoxin (0.002, 0.001, 0.0005, 0.00025 cc.)  into 
normal and experimental mice.  The mixtures contained the toxin and antitoxin 
in  a  uniform  volume  of  0.5  cc.  each  and  had  been  held  1 hour at  room 
temperature before the injection was  made.  Duplicate  animals  were  run  for 
each toxin-antitoxin  mixture;  the  results of two tests are recorded  together in 
Table 11. 
Table II shows clearly that the  various  toxin-antitoxin  mixtures 
were toxic or non-toxic for experimental animals to the same extent as 
they  were  for  the  normal  controls,  the  minimum  dose  of  antitoxin 
which neutralized  exactly two hundred  minimum fatal doses in this 
case being in either group 0.001  cc.  These results then demonstrate 
that, after union between toxin and antitoxin has taken place in vitro, 
the reaction on the part of the animal represents merely a  registration 
of the  toxicity of a  given mixture  and  the  physiological effect is in 
direct proportion to the amount of free toxin present.  This process, 
in  accordance  with  the  previous findings,  does not  seem to  involve 
primarily the  reticulo-endothelial  ceils in  its accomplishment. 
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and antitoxin in vivo, allowing sufficient time for a general distribution 
of the antitoxin in the organism.  Experimental animals, blocked by 
an intravenous injection of India ink as described before, together with 
TABLE II. 
Titration  of  Tetanus  Toxin  and  Antitoxin  in  Normal,  Blocked  and 
Splenectomized  Mice. 
(Combinect Results of Two Tests.) 
No. of 
anim'als* 
4 
~t 
tt 
*t 
Preparation 
Normal 
Blocked 
Splenectomized 
Blocked  and 
splenectomized 
Normal 
Blocked 
Splenectomized 
Blocked and splen- 
ectomized 
Normal 
Blocked 
Splenectomized 
Blocked and splen- 
ectomized 
Normal 
Blocked 
Splenectomized 
Blocked and splen- 
ectomized 
Mixtures (injected  either 
subcutaneously 
or intravenously) 
Toxin  Antitoxin 
CC.  CC. 
0.2  0.002 
,,"'  0. ~1 
"  0.0005 
0.00025 
Results 
All four alive 4th day 
tt  ~  ~t  tt  t~ 
2 dead 2nd, 2 dead 3rd day 
3  "  "  1  "  "  " 
2  "  "  2  "  "  " 
All four dead 2nd day 
tt  ~t  ~t  tt  ~ 
* In each group of four animals,  two received  the respective toxin-antitoxin 
mixture subcutaneously, two intravenously. 
an equal number of normal controls were given a constant amount of 
antitoxin (0.01 cc.) intraperitoneally, and after varying intervals, i.e., 
24, 48 and 72 hours, received by the same route graded doses of toxin 
(0.2, 0.1,  0.05,  0.01  cc.) in order to determine the degree of passive C.  W.  ~UNGEBLUT  267 
immunity.  The results,  which are shown in Table  III,  demonstrate 
a  marked difference  between the experimental  animals  and  controls. 
TABLE  III. 
Protective Effect of a  Preceding Dose  of  Tetanus  Antitoxin  against  Subsequent 
Intoxication in Normal and Blocked Mice. 
No.  of 
animals  Preparation 
Normal 
~C 
Blocked 
Normal 
Blocked 
cg 
Normal 
Blocked 
C~ 
~c 
Antitoxin in- 
jected intra- 
peritoneally 
CC. 
0.01 
~c 
Toxin in- 
jected intra- 
perltoneaHy 
CC. 
0.2 
0.1 
0.05 
0.01 
0.2 
0.1 
0.05 
0.01 
0.2 
0.1 
0.05 
0.01 
0.2 
0.1 
0.05 
0.01 
0.2 
0.1 
0.05 
0.01 
0.2 
0.1 
0.05 
0.01 
Interval* 
hrs. 
24 
24 
48 
48 
72 
72 
Result 
Survived  Died 
1  0 
c~  Cg 
1  0 
1  0 
0  I 
1  0 
1  0 
0  1 
* This interval represents the elapsed time between the injection of the toxin 
and the antitoxin. 
While, under the conditions of the test, a prophylactic dose of 0.01  cc. 
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toxin for fully 72 hours, the blocked mice after an interval of 24  and 
48  hours were protected only against 0.05  cc. of  toxin  and after a 
period of 72 hours no protection at all was notedagainst even 0.01 cc., 
the smallest dose of toxin employed. 
DISCUSSION. 
In discussing the observations made in this study, the fundamental 
difference between the reaction of the antibacterial serum, on the one 
hand, and the reaction of the antitoxin, on the other, with their specific 
antigens, becomes at once apparent.  Both, pneumococcus infection 
and tetanus intoxication in mice, represent examples in which agents of 
maximum virulence or toxicity are introduced into a host of maximum 
susceptibility.  Interference with  the  cellular  defensive mechanism 
of the host,  such as is brought  about  by blockade of the reticulo- 
endothelial system or splenectomy, under such conditions, is not apt to 
further decrease this minimum of resistance.  In accordance with this 
consideration,  it  was  found  that  both  disease  processes  were  not 
altered appreciably in their course by the above mentioned experimen- 
tal procedures.  The results obtained from this part of the work at the 
same time contradict an objection,  which has been raised by some 
authors against the value of blockade as a  means for the selective 
elimination of the antibody-producing reticulo-endothelial cells.  It 
has been claimed that the injection of foreign colloidal material is a 
procedure which in a  general, non-elective fashion lowers the vitality 
of the animal and consequently reduces its capacity to respond to an 
antigenic stimulus.  The present experiments show that in processes, 
the acute course of which does not allow for antibody production, 
neither blockade nor splenectomy affect the general vitality of the 
experimental  animal,  as  is  the  case  where  other  experimental 
methods are  used,  such  as  injection  of  certain  chemical  poisons, 
exposure to  actinic rays, removal of the glands of internal secretion, 
starvation,  diet deficiencies, etc. 
The action of antibacterial serums in general on their respective 
infections has long been recognized to involve the active participation 
of the passively immunized individual in the final destruction of the 
respective microorganisms, quite apart from any possible direct inter- 
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from the toxin-antitoxln neutralization not only  in the fact that no dele- 
terious reaction in vitro is demonstrable without the participation of 
living tissue cells or of ferments, but also by their failure to follow the 
laws  of  multiple proportions.  The mere fact  that  the protection 
afforded by an antibacterial serum against the corresponding infection 
is definitely limited, the protective action of increasing amounts of 
serum not rising proportionately against increasing doses of culture, 
suggests the existence in the animal of a  third factor, which deter- 
mines to a  large extent the outcome of the test.  Furthermore, the 
importance of  such individual  disposition  is  reflected  by  the  ap- 
parent  irregularities  in the results of protection tests with strepto- 
coccus and pneumococcus sera, while the respective infections alone 
are  marked by  their uniform and regular course.  In  the  case  of 
Pneumococcus Type  I  infection, it has long been realized that the 
protective effect  of  antipneumococcus serum against this  infection 
is not due to any bactericidal action of the serum, but must be linked 
closely with active participation of the phagocytic cells of the treated 
animal (bacteriotropins).  It is, therefore, to be expected that any 
interference with the physiological integrity of the reticulo-endothelial 
system must of necessity lower the protective action of the immune 
serum.  The results obtained in this study, which clearly demonstrate 
a lowered protective effect of Antipneumococcus  Type I serum against 
Pneumococcus Type  I  infection in  blocked  mice,  in  the  writer's 
opinion, may be conveniently interpreted in conformity with the out- 
lined theoretical considerations.  In this connection it is of interest 
to draw briefly attention to the work of Kritschewsky and Meersohn 
(24), Kolpikow (25) and Feldt and Schott (18), as well as to our own 
observations (15), which have shown that the chemotherapeutic effect 
of salvarsan  on relapsing fever and  trypanosome infection in  mice 
likewise  depends on  the  presence  of  an  intact  reticulo-endothelial 
system.  The writer has suggested that the marked discrepancy in 
the case of salvarsan between the lack of action in vitro and the high 
parasiticidal power of the drug in the infected animal on the corre- 
sponding organisms may possibly be explained by a hitherto unknown 
function of the reticulo-endothelial cells, which may account for the 
transformation of the inactive preparation into the active derivative. 
Earlier observations of Rosenthal and Spitzer (26) on the relation of 270  RETICULO-ENDOTHELIAL  SYSTEM  IN  IMMUNITY.  V 
the trypanocidal action of human serum to the reticulo-endothelial 
system would seem to strengthen such an hypothesis. 
Contrasting the mechanism of passive immunity, induced by the 
so  caUed antibacterial  sera, with an  analysis of the toxin-antitoxin 
reaction, it would appear that the latter is essentially a humoral proc- 
ess, which does not depend upon an active participation  of the host. 
The animal, under such conditions, simply serves as a passive biological 
index  of the  amount  of free toxin  present,  no  implication  of  any 
phagocytic cells being primarily involved in  this reaction.  In har- 
mony with the above presumption, it was found, when we inject in 
vitro prepared mixtures of tetanus toxin and antitoxin into blocked 
mice, that the ensuing reaction was  in each instance directly com- 
parable and alike with the corresponding effect in normal animals. 
Essentially  different  results,  however,  were  obtained,  when  the 
antitoxin  was  given  prophylactically  and  the  degree  of  passive 
immunity tested against subsequent intoxication.  Under such con- 
ditions,  it was observed that the passive immunity conferred after 
an  interval of  24  and  48, hours  respectively, was  much lower  in 
blocked mice than in normal controls,  a  still  further  reduction be- 
coming manifest after a 72 hour period.  In interpreting this obser- 
vation it is not clear whether the union of toxin and antitoxin in vivo 
depends upon a preceding fixation or attachment of the antitoxin to 
the reticulo-endothelial or other tissue cells  (cf. Levaditi and Muter- 
milch (27), Hahn and yon Skramlik (28)) which would be influenced 
unfavourably by previous blockade, or whether the lower protection 
is to be attributed to a more rapid excretion in the blocked animals of 
the antitoxin, which in this case was intimately bound to the foreign 
protein (horse serum pseudoglobulin).  The observations of Saxl and 
Donath (29) on the slower elimination from the blood stream of foreign 
substances in splenectomized or blocked animals, and those of Collon 
(30),  which suggest  a  prolonged presence of foreign protein in  the 
circulation of rabbits after blockade with trypan blue, may be taken 
to  indicate an inhibiting or retarding influence of blockade on the 
resorption of the antitoxin by the tissue cells.  In the case of passive 
immunity to diphtheria, Kassowitz (31) and Freud (32) have shown, 
in addition, that a  high concentration of antitoxin in the circulation 
may under certain conditions be associated with a low content of the C,  W.  JUNGEBLUT  271 
antibody in  the tissues,  in which case the individual would not be 
protected.  The fact, however, that with the increase of the time inter- 
val protection was further diminished in the blocked animals in the 
writer's experiments, would render an explanation based solely upon 
an  altered  distribution  of  the  antitoxin  between  the  tissues  and 
the circulation somewhat questionable.  Further  insight into these 
phenomena will not  be  gained  until  more  is  known  of  the  elimi- 
nation of heterologous antigens and homologous antibodies from the 
circulation and of the mechanism underlying their final excretion from 
the body, particularly with reference to changes in permeability of the 
cell membrane following the injection of blocking substances. 
SUMMARY. 
1.  Blockade  of the  reticulo-endothelial system  by means  of one 
intravenous injection of India ink  as  well as  splenectomy did not 
alter the course of either Pneumococcus Type I  infection or tetanus 
intoxication in mice. 
2.  The protective action of Antipneumococcus Type I serum against 
the corresponding infection, as determined by the injection of in vitro 
prepared mixtures of serum and culture, was definitely lower in mice 
which had received one blocking injection of India ink shortly before 
the test. 
3.  Titration of tetanus toxin and antitoxin in blocked and splenec- 
tomized mice gave results identical with those obtained in  normal 
mice, if in vitro prepared and incubated toxin-antitoxin mixtures were 
injected.  The degree of protection, however, conferred by a preceding 
dose of antitoxin against subsequent intoxication, was markedly lower 
in  blocked  mice  than  in  normal  control  animals,  this  difference 
becoming more pronounced with the increase of the time interval. 
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